Introduction
It has long been recognized that the regulation of normal cell growth and differentiation in vivo is dependent upon complex interactions between cells. Disruption of communication pathways between cells is frequently associated with the development of preneoplastic or neoplastic lesions within a given tissue (1) . One form of cell-cell communication which appears to be involved in normal cell growth control is communication between adjacent cells through gap junctions (1) (2) (3) (4) (5) . While there is a substantial amount of data suggesting that changes in gap junction communication may be involved in the carcinogenic process (5) (6) (7) (8) (9) (10) (11) , there is still some controversy about how universal (12) the role of altered gap junction communication is in neoplastic development as well as some question as to how and when during neoplastic development altered gap junction communication occurs (1, 5, 13) . While it has been reported that many cancer cells exhibit decreased homologous and/or heterologous gap junction communication (1, 5, 7, 10, 11) some preneoplastic/neoplastic cell populations exhibit normal levels of homologous gap junction communication (12) (13) (14) . The observation that tumor promoters can inhibit gap junction communication between adjacent cells supports the hypothesis that decreased gap junction communication may play a role early in neoplastic progression and that the decreased communication observed in many tumor cell populations is perhaps causally associated with development of the neoplastic phenotype (1, 9, 15, 16) . Others have noted that re-establishment of the potential to communicate in non-communicating tumor cell populations is associated with a decrease in tumorigenicity (6, 17, 18) .
Gap junctions mediate the flow of small (Ͻ1000 Da), water soluble, growth-regulatory molecules between cells (1, 9, 15) . The specific molecular structure and function of gap junctions formed in different tissues are not identical, however, they all basically consist of six subunits of connexin protein that form a hemiconnexon. Two aligned hemiconnexons on adjacent cells interact, thus forming a functional gap junction channel. While expression of gap junction proteins appears to be required for establishment of gap junction communication, it is not the only requirement for establishment of communication. Expression of specific cell adhesion molecules such as Ecadherin are also involved in the establishment of gap junction communication (19, 20) , as well as involved in the regulation of cell interactions (20) , differentiation (20, 21) and invasiveness (20) (21) (22) (23) . In addition, the transfer of molecules through established connexons can be influenced by, for example, changes in calcium levels (19) , the phosphorylation state of the connexin subunits (24) , and by the expression of specific cell-cell recognition molecules in contacting cells (17) .
There are a number of ways in which the presence of functional gap junctions can be evaluated, including measurement of electrical coupling between cells, metabolic cooperation (7, 15) and fluorescent dye transfer (11, 16, 25, 26) . The fluorescent dye Lucifer yellow has been microinjected (11, 25) or scrape loaded (16, 25, 26) into donor cell populations with subsequent visual quantification of dye-spread to adjacent cells. A flow cytometry based technique described by Thomasetto et al. (27) offers several advantages over other techniques. This approach allows one to screen large numbers of cells for establishment of homologous or heterologous gap junction-mediated cell-cell communication. In contrast to other available techniques it is possible to detect small subpopulations that may exhibit a distinct communication phenotype, and subpopulations of cells that exhibit distinct communication phenotypes can be isolated by cell-sorting for further evaluation.
In the present study we evaluate changes in gap junction- b Agent to which a trachea was exposed prior to isolation of a particular cell line. c To evaluate tumorigenic potential 1-5ϫ10 6 cells were injected subcutaneously into SCID mice. Tumors (1 cm 3 ) were evaluated histologically. d Cells were inoculated into denuded tracheal segments that were subsequently implanted subcutaneously into SCID mice. Repopulated tracheas were harvested, fixed and evaluated histologically 2-3 weeks after implantation. e Non-tumorigenic. f Vehicle control ϭ beeswax pellets with no carcinogen. mediated cell-cell communication as a function of the stage of neoplastic progression and as a function of tumor phenotype in vivo in a series of preneoplastic/neoplastic rat tracheaderived epithelial cell lines (28, 29) . A flow cytometer is used to quantitate changes in dye transfer from donor to recipient cell populations and as a means for isolating cell subpopulations expressing different communication phenotypes. The association of changes in communication phenotype with changes in expression of either connexin and/or E-cadherin mRNA is evaluated by Northern blot analysis.
Materials and methods

Animals
Rats (F344) and ICR SCID mice were bred and raised in a barrier facility in the Life Sciences Division, Oak Ridge National Laboratory. Both males and females were used between the ages of 1-8 months (rats) and between the ages of 5-10 weeks (mice). Rats utilized as trachea or tracheal cell donors were euthanized with Nembutal. Mice, used for the evaluation of tumorigenicity and as recipients of tracheal implants were anaesthetized with Metophane prior to implantation of tissues and/or cells. Cells Normal rat tracheal epithelial cells (NTEC*) were harvested enzymatically from freshly harvested rat tracheas as previously described (30, 31) . Normal cells were initially seeded into medium referred to as 2XGF (30, 31) . Nontumorigenic and neoplastic rat tracheal cell lines (Table I) were isolated from carcinogen-exposed rat tracheas as previously described (28, 29) . Cell lines were all cultured in Ham's F12 plus 2.5% fetal bovine serum (Summit, Ft. Collins, CO), insulin (1 µg/ml, Sigma Chemical Co., St Louis, MO), hydrocortisone 100 ng/ml (Sigma), epidermal growth factor (1 ng/ml, Austral Biologicals, San Ramon, CA) and Gentamycin (50 µg/ml, GIBCO BRL, Grand Island, NY).
Growth characteristics of cell populations in vivo
Cell populations to be tested for tumorigenicity were injected subdermally into the scapular region of SCID mice. A total of 1-3ϫ10 6 cells were injected per site and three to five animals were injected per cell population. Because non-tumorigenic cell lines do not survive or proliferate when injected subcutaneously, the growth characteristics of cells were also evaluated in vivo using a technique referred to as tracheal repopulation (32, 33) . Briefly, cells were inoculated into rat tracheas that had been denuded of the normal epithelial cells. In the present study this denuding procedure involved incubating intact tracheal segments in 1% Triton-X for 30 min at 37°C followed by rinsing three times with water. Tracheas were then stored in Ham's F-12 at 4°C until 2044 use. This latter technique was modeled after that described for preparation of extracellular matrix coated dishes from cultured cells (34) . For repopulation of tracheas with test cell lines, the tracheal segment, prepared as described above, was tied onto a piece of polyethylene tubing, cells inoculated into the tracheal lumen, the open ends of the trachea were ligated to prevent cell leakage, and they were subsequently implanted subcutaneously in SCID mice (32, 33) . Repopulated tracheas were harvested 2-4 weeks later fixed in 10% neutral buffered formalin, paraffin sections were cut, and the reconstituted epithelium evaluated histologically.
Flow cytometric evaluation of cell-cell communication and cell sorting
The technique used to evaluate homologous and heterologous cell-cell communication has been described (27) . Briefly, recipient cells were labeled with PKH26-GL (Sigma) as described by the manufacturer. This aliphatic reporter molecule is incorporated by selective partitioning into the cell membrane. Donor cells are labeled with Calcein AM (Molecular Probes, Inc., C-1430) used at a concentration of 0.5 µM in Solution A (PBS, 30 mM HEPES, 10 mM glucose). Calcein AM enters cells by passive diffusion. Once in the cell, calcein is cleaved by intracellular esterases, becomes polar and is trapped inside the cell. This intracellular modification of calcein also renders it fluorescent. At this point the fluorescent molecule can only be transferred to PKH2-GL-labeled recipient cells via functional gap junctions. Donor and recipient cells were harvested enzymatically as single cell suspensions, mixed at a 1:1 ratio, and allowed to attach in fresh culture dishes at confluent densities (2.5-5ϫ10 5 cells/cm 2 ). Mixed cultures were maintained for 5 h at 37°C to allow for establishment of cell-cell communication. Controls consisted of donor and recipient cells seeded into separate dishes at confluent densities. After 5 h, cells were again harvested enzymatically, washed by centrifugation and two parameter flow analysis carried out. Cells that had acquired both red (PKH26-GL) and green (calcein) signals are considered to have established cell-cell communication. In the absence of communication, cells exhibit red or green signals (not both). Controls consist of red and green stained cells seeded separately.
Flow cytometry was carried out using a Becton-Dickenson FACStar plus flow cytometer equipped with a 488-nm laser. Calcein and PKH26-GL emissions were collected using 530 (FL1) and 585 (FL2) nm filters, respectively. CellQuest software (Becton-Dickenson) was used to acquire list-mode data and for data analysis using a Macintosh Quadra 650 computer system. Voltage adjustments and electronic signal compensation were used to position calcein or PKH26-GL-labeled cells to appropriate locations in a two parameter histogram so that calcein-loaded cells produced a positive FL1 signal and a negative FL2 signal and PKH26-GL-loaded cells produced a positive FL2 signal and a negative FL1 signal (see Figure 1A and C). After calcein and PKH26-GL-loaded cells were co-cultured for 5 h, PKH26-GL-loaded cells that acquired calcein were displayed on a two parameter histogram ( Figure 1B and D). The proportion of PKH26-GL-loaded cells that acquired calcein signal were determined by creating a gate containing PKH26-GL positive cells, Table II ).
In order to characterize different cell subpopulations, cells exhibiting different communication phenotypes were isolated. Utilizing the FACS star cell sorter capabilities, sorting gates were set as indicated in Figure 2 such that cells sorted into one tube are non-communicating (left sort, e.g. R1 or R3); i.e. PKH26-GL-loaded cells that retained a negative FL1 signal. Another tube received communicating cells (right sort, e.g. R2 or R4) representing those cells that exhibit both a positive FL1 and FL2 signal. Following sorting, cells were analyzed immediately for tumorigenic potential in vivo (see above) or used for Northern blot analysis (see below). Some sorted cell populations were resuspended in the appropriate growth medium, seeded into culture for 2-4 days and subsequently reanalyzed for communication phenotype by flow cytometry as described above or injected s.c. into SCID mice to evaluate tumorigenicity. Northern blot analysis Total RNA was isolated from sorted and unsorted cell populations by the guanidium thiocyanate-phenol-chloroform method as described (35) . A total of 10-15 µg RNA was electrophoresed in a 1% agarose/formaldehyde 6.6% gel in 10 mM sodium phosphate buffer, pH 6.8 at 2 V/cm for 16 h at room temperature with recirculating buffer. RNA was transferred to a nylon membrane (GeneScreen, NEN-Dupont) in 10ϫ SSC for 24 h. The blot was UV-cross linked and baked in a vacuum at 80°C, 20 mmHg for 2 h and prehybridized in a solution containing 20% dextran sulfate, 40% formamide, 4ϫ SSC, 14 mM Tris-Hci (pH 7.6-8.0), 0.8ϫ Denhardt's and 100 µg sonicated salmon sperm DNA at 42°C for 2-4 h. The blot was subsequently hybridized 
Results
In vivo growth characteristics of normal, non-tumorigenic and neoplastic cell populations
The in vivo growth characteristics of the cell populations included in the present studies are summarized in Table I . Cell populations found to be tumorigenic when injected subcutaneously into SCID mice yielded either squamous cell carcinomas (2-10-1, BaPC1) or undifferentiated tumors (IC-17, XR600 clone 3, and IC-12). Non-tumorigenic cell lines (XR600 clone 6, 2C1, C-18, IC-1) cultured in vivo in denuded tracheal grafts gave rise to a squamous epithelial lining. Normal primary cultures of tracheal epithelium yielded a mucocilliary epithelium when cultured in vivo in denuded tracheal grafts. When tumor cells were cultured in denuded tracheal grafts invasion of the tracheal submucosa was noted within 1-2 weeks of transplantation. Within 3-4 weeks, total disruption of the normal tracheal architecture was observed. In three out of four cases the morphologic appearance of these cell populations cultured in denuded tracheas was similar to that of their respective subcutaneous tumors (Table I ). The only exception to this observation was noted in the case of the line BaPAF (Table I) . When BaPAF cells were injected s.c. they gave rise to an undifferentiated carcinoma. However, when BaPAF cells were cultured in denuded tracheal grafts a non-invasive squamous epithelium was established.
Establishment of homologous and heterologous cell-cell communication
Initial experiments were carried out to determine whether (i) the time interval over which donor and recipient cells were held at confluent densities, and (ii) the ratio of donor to recipient cells, markedly influenced the established level of cell-cell communication.
The maximum level of cell-cell communication observed in all cases was noted between 4-5 h after seeding cells at confluent densities (data not shown). No significant increases in communication were noted when cells were held for longer time intervals. In addition 3-fold changes in the ratio of donor (calcein-loaded) to recipient (PKH26-GL-stained) cells did not significantly influence the maximum levels of communication observed (data not shown).
On the basis of these initial experiments we selected a standard 5-h interval for all subsequent communication experiments. It was also assumed that some random variation in the ratio of donor and recipient cell populations does not substantially influence the evaluation of communication phenotype in experiments designed to evaluate levels of homologous or heterologous communication.
The analysis of homologous cell-cell communication within rat tracheal epithelial cell populations (Table I) is illustrated in the flow-cytometer-generated data shown in Figure 1 . A summary of communication data derived from flow data such as those shown in Figure 1 are included in Table II . The average fraction of communicating cells (double stained) in homologous mixtures of normal primary tracheal epithelial cells, non-tumorigenic cell lines and cell lines giving rise to squamous cell carcinomas ranged from 34% to 95% in 5-h mixed cultures ( Figure 1D and F-H and Table II) . No system- Figure 1B and E). The exception to this generalization was noted in the case of the line designated BaPAF in which an average of 53% of the cells exhibited homologous communication (Table II) . It is of note, however, that although this cell line yielded an undifferentiated tumor when injected subcutaneously, a non-invasive squamous epithelium was observed when BaPAF cells were cultured in denuded tracheal grafts (Table I) . The uniformity of dye transfer from donor to recipient cells differs between the various communicating populations evaluated ( Figure 1F-H) . In the case of cell lines XR600 clone 6 ( Figure 1G ) and C18 ( Figure 1H ), recipient cells exhibiting FL1 (green) fluorescence tend to cluster at a characteristic intensity (i.e. channel 600 in Figure 1G and channel 750 in Figure 1H ). In the case of NTEC (Figure 1F ), the intensity of green fluorescence (i.e. amount of calcein transferred) in communicating recipient cells was uniformly distributed over a wide range of channels (250-1000).
When cell-cell communication between two different cell populations was evaluated (Table III) the level of communication noted at 5 h was predictable based on the levels of communication observed when evaluating homologous communication (Table II) . Cell populations exhibiting lower levels (Ͻ10%) of homologous communication (e.g. IC-12) also exhibited low levels (Ͻ5%) of heterologous communication when paired with populations exhibiting higher levels (Ͼ48%) of homologous communication (e.g. NTEC). All populations exhibiting higher levels (Ͼ48%) of homologous communication (e.g. 2C1, C18, 2-10-1, NTEC) also exhibited higher levels (Ͼ57%) of heterologous communication when paired with any other cell population that also exhibited high levels of homologous communication. Similar levels of communication were noted when the dye-donor (calcein) and the dye-recipient populations (PKH26-GL) were reversed (Table III) .
Communication phenotype and tumorigenicity of cell populations sorted on the basis of communication phenotype
To further evaluate the association between communication phenotype and tumorigenicity, parental cell populations ( Table I) were sorted on the basis of whether or not they established homologous communication with neighboring cells during the course of a 5-h mixing experiment (Figure 2 ). Histograms generated using the flow cytometer were gated as illustrated in Figure 2 , and cells falling in each of the two preset regions were sorted into separate tubes. Following cellsorting the isolated cell subpopulations (communicating and non-communicating populations, e.g. regions R1,2 and R3,4, Figure 2 ) were cultured for 2-5 days, trypsinized, counted and either reevaluated for homologous cell-cell communication or injected (2.5ϫ10 6 cells) subcutaneously into SCID mice (Table IV) . Sorted cell populations, both communicating and non-communicating, isolated from parental lines that are nontumorigenic or those that yield a squamous carcinoma in vivo (BaPC1, XR600 clone 6, IC-1), ultimately exhibited a similar communication phenotype as the original parental population. In the case of those populations that gave rise to undifferentiated tumors (XR600 clone 3 and BaPAF) the communication phenotype observed in the progeny of sorted populations was stable (Table IV) . Those cells sorted as non-communicating cells remained non-communicative with passage and yielded an undifferentiated carcinoma when injected into SCID mice. In the case of BaPAF, sorted communicating cells remained communicative and were not tumorigenic (NT) when injected into SCID mice (Table IV) . Cells isolated from undifferentiated tumors growing from non-communicating, sorted, BaPAF and XR600 clone 3 cells consistently exhibited low levels (1%) of homologous communication. In contrast, cells harvested from a squamous cell carcinoma that developed from injected noncommunicating sorted IC-1 cells, regained the capacity to communicate (49% communication, Table IV) .
Expression of connexins and E-cadherin in normal, preneoplastic and neoplastic rat tracheal epithelial cell populations
Parental cell populations and sorted cell subpopulations, evaluated for homologous and heterologous communication phenotype, were also evaluated for expression of mRNA for connexins (24) and E-cadherin (20) by Northern blot analysis (Figures 3 and 4) . None of the cell populations evaluated expressed connexin 32 (data not shown). Those cell populations that exhibited higher levels of cell-cell communication (Ͼ48% ,  Table II ) were found to express predominantly connexin 43 (NTEC, C18, XR600, 2C1, and 2-10-1 in Figure 3 ; BaPC1 Fig. 3 . Northern blot analysis of connexin (Cx43, Cx26) (A) and E-cadherin (B) expression. Aliquots of 15 µg of total RNA were loaded per lane. The size of the E-cadherin transcript is similar to that of 28S RNA. Migration distance of 28S RNA (4.8 kb) and 18S (2 kb) are indicated on the left-hand side of (B). Ribosomal 18S and 28S RNAs were used as internal controls for the amounts of RNA loaded (data not shown).
in Figure 4 ) as well as connexin 26 (C18, 2C1, IC-1 in Figure 3 ). All of these populations also expressed E-cadherin, although the levels of E-cadherin expressed varied ( Figures  3B and 4B) . In contrast, those populations exhibiting low levels of communication (Ͻ10%, Table II) lacked detectable expression of E-cadherin (IC-12, IC-17 in Figure 3B and XR600 clone 3 in Figure 4B ) and connexins 43 and 26 (IC-12, Figure 3A) . In addition to differences in expression of connexin 43 and 26 (3.6 and 2.5 kb) and E-cadherin (~4.5-kb message) associated with differences in expression of the neoplastic phenotype and tumor morphology there were also differences in expression of several alternatively spliced variants of E-cadherin RNA ( Figure 3B ). The predominant species of alternatively spliced variants were 3.7, 3.3, 2.8 and 1.7 kb in size. At present the significance of these variants is not clear; however, the number of variants noted was higher in preneoplastic and neoplastic cell populations relative to the normal tracheal cells. One cell line (IC-17, Figure 3B ) did not express the 4.5-kb transcript but did express the 3.3-, 2.8-and 1.7-kb variants.
The expression of connexin and E-cadherin in sorted populations did not always reflect the communication phenotype used to set sort regions on the flow cytometer. For example, although IC-1-L (left sort) represents that subpopulation of IC-1 that was non-communicating, expression of both connexin and Ecadherin was observed (Figure 4 ). In contrast, in the case of BaPAF where the BaPAF-L (non-communicating sort) cells gave rise to a population of cells that were non-communicative (Table IV) and which yielded an undifferentiated carcinoma when inoculated s.c. into SCID mice (Table IV) , the sorted population was found to not express E-cadherin ( Figure 4B ). This was in contrast to its communicating partner (BaPAF-R, right sort), which expressed high levels of both connexin 43 and 26 as well as high levels of E-cadherin (Figure 4 ).
Discussion
The data presented indicate that although the capacity to establish gap junction communication between adjacent cell populations of rat tracheal epithelial cell populations is not predictive of tumorigenicity, the lack of cell-cell communication is characteristic of those cell populations that gave rise to undifferentiated carcinomas in SCID mice (Tables II and IV) . The lack of cell-cell communication in these cells is associated with a lack of expression of E-cadherin and/or connexin ( Figures 3 and 4) . Cell populations giving rise to differentiated tumors in vivo as well as non-tumorigenic cell lines and normal rat tracheal epithelial cells, were all found to be comprised of mixtures of communicating and non-communicating cells (Tables II and IV) .
In contrast to some other studies reported in the literature (5,17) the present study suggests that the loss of the ability of a cell population to communicate is not characteristic of all tumors and does not appear to be lost early during the early stages of neoplastic development. It is of interest that in the 2048 case of non-tumorigenic and differentiating neoplastic cell lines, which characteristically exhibit a mixed communication phenotype (Tables II and IV) , separating out the cell populations with different communication phenotypes does not give rise to subpopulations exhibiting a stable communication phenotype. Instead, each of the two sorted populations gives rise to subpopulations that have a mixed communication phenotype similar to that observed in the unsorted parental population. Regulation of the communication phenotype in these differentiating cell populations is not associated with changes in expression of E-cadherin or connexins (Figures 3 and 4) . It is conceivable that regulation of communication in these populations occurs at a post-transcriptional level. This might involve, for example, changes in the cellular localization of hemi-connexons or changes in the phosphorylation state of pre-existing connexons (5, 10, 17) . The net effect would be marked changes in gap junction communication in the absence of marked changes in expression of either connexin(s) or Ecadherin. It is tempting to speculate that the mixed communication phenotype observed in differentiating epithelial cells somehow reflects a delicate balance between a stem cell-like population and a differentiated or differentiating cell population within any given cell population both in culture (3, 31, 36, 37) and in vivo (2, 36) . Communication between cells may make it possible for cells to form organized structures in vivo typical of differentiating cell populations. It has been proposed that as stem cells progress from an undifferentiated to a differentiating or a differentiated state there may be systematic changes in the capacity to establish gap junction communication (3, 37) . By analogy, perhaps those cells that, at any given time, do not exhibit gap junction communication in vivo or in culture, are stem-cell like, and those that do exhibit gap junction communication, represent differentiating or differentiated cell populations. It is also possible that those cells perceived to be non-communicative, yet still expressing connexin and Ecadherin mRNA, in fact form functional gap junctions but the permeability properties of the gap junctions are slightly altered such that calcein cannot pass from donor to recipient cells (4) .
The level of heterologous communication observed was in general similar to that observed in homologous mixes of cells (Table III) . However, if cells that did not communicate in homologous mixes were mixed with communicating cells, whether normal, non-tumorigenic immortalized or neoplastic, no cell-cell communication was established (Table III, (Table III) .
It has been suggested that in order for cells to form homologous or heterologous gap junctions they must express compatible connexins (27) as well as E-cadherin, which is thought to play a critical role in the formation of functional gap junctions (17, 19) . Normal tracheal cells express abundant E-cadherin and connexin-43. While all of the non-tumorigenic cell lines evaluated also express E-cadherin and connexin-43, three of these lines also expressed connexin-26. In the present studies no detectable changes in the established levels of heterologous communication were noted in mixtures of cells expressing varying levels of both Cx 26 and Cx 43 (Table III) .
One out of three of the undifferentiated carcinomas expresses only connexin-43 (IC-17), while another expresses predomi-nantly connexin 26 (XR600 clone 3). No connexins (Cx-43,26) were expressed in one out of three undifferentiated cell carcinomas. E-cadherin expression was not detected in any of the undifferentiated carcinomas evaluated. Thus, although connexin expression was variable in undifferentiated carcinomas, the unifying characteristic was a lack of E-cadherin expression. Some have reported that expression of connexins by transfection in connexin negative tumor cells results in a modulation of expression of the neoplastic phenotype (6, 24) . In the case of the undifferentiated tumors herein described, it appears that in order to reconstruct the role of gap junction communication in expression of the neoplastic phenotype, it would be necessary to co-express both connexin and Ecadherin in communication defective cell populations derived from undifferentiated tumors.
In the case of the two cell populations evaluated it was observed that cells with the potential to yield undifferentiated carcinomas emerged during the course of these experiments. In both cases, non-communicative tumorigenic cells arose in clonal populations of cells exhibiting a preneoplastic squamous epithelium in vivo in denuded tracheal grafts. In the case of XR600 clone 3 the undifferentiated tumor cell population rapidly became the predominant population in culture. In the case of BaPAF the undifferentiated cell population persists as a small, stable subpopulation that was first detected when noncommunicative cells were sorted from the parent population using the flow cytometer or when cells were injected subcutaneously and an undifferentiated tumor appeared after a long latency period. It is clear that the only subpopulation of BaPAF cells surviving when cells are injected subcutaneously are noncommunicative, and it is this population that ultimately gives rise to undifferentiated carcinoma in vivo. The same parental BaPAF cell population, when cultured in denuded tracheal grafts, reconstitutes a non-invasive squamous cell epithelial lining. This population represents the communicating cell subpopulation. Thus although the two populations appear to survive and proliferate side by side in culture, in vivo the two populations exhibit very different growth requirements.
In conclusion it appears that a loss of homologous/heterologous communication in rat tracheal epithelial cells is a consistent feature of emerging undifferentiated cell carcinomas. In differentiating preneoplastic/neoplastic cell populations the ability to establish cell-cell communication appeared to be intact even though in some cases there appeared to be some shift in the type of connexins expressed. Although the loss of cellcell communication appeared to be consistently associated with the loss of expression of E-cadherin there was also a shift in connexin type as well as an occasional loss of connexin expression (IC-12) in undifferentiated carcinomas. Final proof that the loss of cell-cell communication is causally associated with the emergence of undifferentiated carcinomas will need to await experiments in which it can be demonstrated that non-communicative cells, genetically engineered to express connexin and E-cadherin, again exhibit the capacity to differentiate.
